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The Effects of the 1918–1919 Influenza Pandemic
on Infant and Child Health in Derbyshire
ALICE REID*
Inearly1919myfather,notyetdemobilized,cameononeofhisregular,probablyirregular,furloughs
to Carisbrook Street to find both my mother and sister dead. The Spanish Influenza pandemic had
struck Harpurhey. There was no doubt of the existence of a God: only the supreme being could
contrive so brilliant an afterpiece to four years of unprecedented suffering and devastation. I
apparently, was chuckling in my cot while my mother and sister lay dead on a bed in the same room.
1
Towards the end of the First World War, the world was gripped by the ravages of a
pandemicofinfluenza.Thediseasespreadrapidlyacrosstheglobewithanalarminglackof
discrimination as to who it attacked and a tendency to pneumonic complications—causing
massive relative increases in mortality in young adults. In the 1920s it was estimated that,
between the spring of 1918 and the early summer of 1919, the disease had affected 200 to
700 million people and killed between 10 and 21 million.
2 In 1991 David Patterson and
Gerald Pyle increased the estimates to between 24.7 and 39.3 million, but Ian Mills uncov-
ered a death toll of over 21 million in India alone and more recent revisions have raised
probable global influenza mortality to between 50 and 100 million.
3 Even the conservative
estimates put the death toll from influenza at over twice that produced by the First World
Waranditisgenerallyacceptedtobefarhigher.Yetwhilethewarhasbeenheldresponsible
for the creation of a ‘‘lost generation’’, the ’flu was rapidly relegated to obscurity. The
experienceofthewaranditsconsequencesintermsofnotonlymortalitybutalsosocialand
economic re-organization (and, in the UK at least, the arrival of the Armistice during
the most virulent period of the epidemic
4) must have altered the public perspective and
diminished the memory of the influenza epidemic.
5 Although the widespread sickness
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6
Research ontheinfluenzapandemic,afteralargelydormantperiod,hasenjoyedarecent
boom.Thishasresultedinimprovedestimatesofmortalityandmorbidity,anddescriptions
of the course of the epidemic and patterns of response in different places.
7 These newer
studies have focused on the disproportionate adult mortality which was so alarming for
thosewholivedthroughit,furtherdepletingthosegenerationsmostaffectedbythewarand
heightening social and economic dislocation. The completely abnormal vulnerability of
those in the prime of their lives made a stark contrast to the usual age pattern of influenza
mortality, which was higher among the youngest and oldest age groups. The experience of
Anthony Burgess, described above, reflects this unusual age pattern. Anthony’s mother, a
younghealthywoman,andhisoldersisteroffouryearsdied,whilehe,notmuchmorethana
year, was spared. In fact, although those in their twenties and thirties did experience the
largest proportionate increases from the very low normal mortality of those age groups,
absolute numbers of deaths to infants and children under the age of five were still sub-
stantial,andrelativeincreasesinthisagegroupweresmalleronlybecauseinitiallevelswere
higher.
8 Christopher Langford has suggested that the unusual age pattern of the 1918–19
pandemicwasduetoimmunityconferredbypreviousepidemicsamongtheelderly,andthat
mortality among the younger age groups was not abnormally low.
9 Infants and young
children are a particularly vulnerable group in any circumstances, and only the year before
thepandemicnearly10percent ofinfantsborninEnglandandWalesdied beforetheir first
birthday. Children whose mothers have died are at particularly high risk,
10 and it may
therefore be more pertinent to ask, not why Anthony’s mother died, but why Anthony
himself did not.
While young adults undoubtedly did suffer proportionately more than other age groups,
this does not mean that others, particularly the very young, were spared. It has been
concluded that the ‘‘impact of the First World War on British society was inextricable
from the influenza epidemic’’,
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Alice Reidmust not be forgotten
12), examination of infants and children may offer the potential for
separatingtheeffects ofthepandemicfromthoseofthewar.Thisisnotmeanttoimplythat
the effect of the influenza pandemic on infants and young children can be extrapolated to
adults; indeed, this paper demonstrates that there can be a variety of different mechanisms
by which influenza can affect health in infancy and childhood. Nor is it intended to suggest
that the pandemic cannot be looked at by examining its effect on women, as has been ably
done already. This study merely seeks to present another perspective on the pandemic, and
thereforeaimstoisolatetheeffectsofthe1918–19influenzaepidemicfromotherinfluences
on infant and child health in Derbyshire. The analysis uses an individual level data set of
30,488infantsbornbetweenJanuary1917 andDecember 1922tolookatmortalityratesby
cause, while controlling for other influences. It identifies those infants most at risk during
theepidemicandjudgesthedirect,indirectandassociatedeffectsoftheinfluenzaepidemic
on infant and child health and survival.
The Influenza Pandemic in England and Wales
Although contemporary reports attributed the origin of the influenza pandemic to Spain
in 1918, hence the name ‘‘the Spanish ’flu’’, it now seems more likely that the virus
responsible originated as early as 1915, and that isolated outbreaks of the disease labelled
purulentbronchitiswereoccurringinEnglandandFrancein1916and1917.
13However,the
pandemic did not start in earnest until 1918, with the first of three waves. This ‘‘spring’’
wavehittheUnitedStatesinMarch1918andEuropeinMayandJune.ByJulyandAugustit
was waning, but was rapidly superseded by the ‘‘autumn’’ wave, a much more lethal strain
starting in France in August and spreading throughout Europe and further afield during
September and October. A final wave followed in the early months of 1919. The first wave
in Britain was relatively mild, although the North and the North Midlands witnessed a
sudden change in late June when the number of deaths to young adults increased. World-
wide the second wave was the most virulent, and this was also true for the southern parts of
Britain. In the North and the North Midlands the second wave was less dramatic, but
sustained, and these regions suffered more than other areas in the third wave.
The estimation of mortality and morbidity rates due to the pandemic is fraught with
difficulty, partly connected with the war. With many men serving in the army, mostly
overseas,populationdenominators(thenumbersofpeopleatrisk)aredifficulttodetermine.
Therefore,whiletherewerenumericallymoredeathsamongthefemalecivilianpopulation,
the Registrar-General estimated the death rate among the civilian male population to have
been higher.
14 Assessment is also complicated by the fact that although many deaths were
recorded as a direct result of influenza, the disease would also have contributed, directly or
12In Britain, available evidence suggests that
regular wages and food supplements may have
improved infant health during the war
(J M Winter, ‘The impact of the first world war
on civilian health in Britain’, Econ. Hist. Rev.,
1977, 30: 487–507; idem, ‘Aspects of the impact
of the first world war on infant mortality in
Britain’, J. Eur. Econ. Hist., 1982, 11:
713–38).
13These outbreaks shared the same precise clinical
and physiological descriptions as the influenza of the
pandemic.Oxford,etal.,op.cit.,note7above.Seealso
Johnson, op. cit., note 3 above, pp. 113–21.
14Registrar-General, Supplement to the eighty-first
annual report of the Registrar-General, Report on
the mortality from influenza in England and Wales
during the epidemic of 1918–19, London, HMSO,
1920, p. 5.
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complications—a direct result of influenza—were often recorded simply as pneumonia.
Influenzawouldalsohave been akeyfactorindeathsfromothercausesamongpeoplewho
mightnothavediedwereitnotforthepresenceoftheinfluenzavirus.Diagnoseswereoften
confusedandrecordkeepingwasinadequate
15:influenzawasnotmadeanotifiabledisease
until the final stages of the epidemic. Given the similarity of recorded cases of purulent
bronchitis, it is also possible that influenza was under-recorded in the early stages of the
pandemic and perhaps overstated later.
16
Therecordingproblemsassociated with the warmean thatmanyofthe official estimates
of mortality concentrate on women, and the other problems with recording suggest that it
may be most instructive to examine overall, rather than cause-specific, death rates (which
sometimesincludeassociatedcausesandsometimesdonot).Untilthelastquarter,1918was
a very healthy year for England and Wales, but that was changed completely by the second
wave of the epidemic, making 1918 the first year in which deaths (to civilians) outstripped
births since records began. It has been estimated that between 30 and 75 per cent of the
population was affected by influenza, that around 20 per cent of cases suffered complica-
tions, of which 40 per cent died.
17 The Registrar-General officially attributed 200,000
deaths to the disease.
18 Figure 1 shows that during the fourth quarter of 1918 when the
epidemic was at its most deadly, mortality to women aged 25 to 30 was nearly 600 times
higher than it had been for the average of the same quarters of the previous four years.
‘‘Woe unto Them that are with Child’’:
19 Influenza and Pregnancy
Figure 1 demonstrates clearly the peculiar phenomenon during the ‘‘Spanish ’flu’’ of
highest proportionate increases in mortality among young adults, particularly those in their
twenties and thirties. For women, these are the child-bearing years, and pregnant women
were at particularly high risk of becoming infected. The mortality of all women aged
between 15 and 49 due to influenza during the epidemic was 4.9 per thousand, but that
of pregnant women was between 5.3 and 5.7 per thousand.
20 This statistic is elucidated by
studiesperformedintheUSA,whereitwasfoundthat,comparedtowomennotrecordedas
pregnant, expectant women had a 50 per cent higher chance of developing pneumonic
complications. Once complications had developed, such women were 50 per cent more
likely to die.
21 Studies of the two subsequent epidemics and of non-epidemic seasons have
shown that pregnant women are at particularly high risk from influenza towards the end of
their pregnancy. In the ‘‘Asian ’flu’’ pandemic of 1957 half of all influenza-related deaths
15 Fred R van Hartesveldt, ‘Manchester’, in van
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London,Heinemann,1922,pp.433–43,onpp.439–40.
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child-bearing ages who died were also pregnant.
21John W Harris, ‘Influenza occurring in pregnant
women, a statistical study of thirteen hundred
and fifty cases’, J. Am. med. Assoc., 1919, 72
(3 April): 978–80, p. 798. See also Paul A Buelow,
‘Chicago’, in van Hartesveldt, op. cit., note 2 above,
119–45, on p. 131, who states that 46 per cent of all
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Alice Reidamong women of childbearing age occurred in those who were pregnant.
22 Furthermore, a
recent study of non-epidemic risk demonstrated that being in a late stage of pregnancy was
anindependentriskfactorforhospitalizationforinfluenza,pneumonia,andabroaderrange
of acute cardiopulmonary conditions, although actual mortality was rare. Women in their
second trimester of pregnancy had an influenza-attributable risk five times that of post-
partum women, a factor which rose to nine for those in their third trimester.
23 This suscept-
ibilityofpregnant womenmaybeduetochangesinbloodcirculation,
24reducedfunctional
capacity of the lungs,
25 or to the immunosuppression necessary to prevent rejection of the
foetus (sometimes referred to as ‘‘pregnancy associated immunodeficiency syndrome’’
(PAIDS)) which also leaves women more vulnerable to infection.
26
hospitalized pregnant women died from ’flu and
pneumonia in Chicago.
22See Sir Charles H Stuart-Harris, Geoffrey C
SchildandJohnSOxford,Influenza:thevirusesandthe
disease,2nded.,London,EdwardArnold,1985,p.105;
Edwin D Kilbourne, Influenza, New York, Plenum
Medical, 1987, p. 163.
23Kathleen Maletic Neuzil, George W Reed,
EdwardFMitchel,LoneSimonsenandMarieRGriffin,
‘Impact of influenza on acute cardiopulmonary
hospitalizations in pregnant women’, Am. J.
Epidemiol., 1998, 148: 1094–102.
24Kilbourne, op. cit., note 22 above, p. 163.
25Neuzil, et al., op. cit., note 23 above, p. 1101.
26E Weinberg, ‘Pregnancy and resistance to
infectious disease’, Rev. Infect. Dis., 1984, 6: 814–31.
Not to be confused with PAIDS referring to paediatric
acquired immunodeficiency syndrome (see Arthur A
Ammann, Diane W Wara and Mort J Cowan,
‘Pediatric acquired immunodeficiency syndrome’,
Ann. N. Y. Acad. Sci., 1984, 437: 340–9).
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Figure1: Factorincreaseinfemalemortalityduringthe’fluepidemic,fourthquarterof1918compared
to average of fourth quarters 1914–17. (Source: Registrar-General, Supplement to the eighty-first
annualreportoftheRegistrar-General, Report onthemortality frominfluenza inEnglandandWales
during the epidemic of 1918–19, London, HMSO, 1920, p. 8.)
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1918–1919 Influenza Pandemic and Child HealthThe well-established increasedriskto pregnant women islikelytohave been heightened
during1918–19duetotheunusualagestructureofinfluenzainthisparticularepidemic,and
there is evidence that influenza infection may alsohave precipitated foetalloss. InEngland
and Wales the death rate from spontaneous abortion in 1917 was 0.16 per thousand (one in
6,302 pregnancies), whereas during the epidemic the death rate from only those miscar-
riages linked to influenza was ten times greater at 1.60 per thousand (one in 624 pregnan-
cies).
27Ifinfluenzacouldprovokethislevelofincreaseinsuchdeaths,itislikelythatitwas
responsible for a great manymore non-fatal spontaneous abortions. In the USA, pregnancy
wasinterruptedin26percentofuncomplicatedcasesofinfluenzaandin52percentofcases
complicatedbypneumonia.
28Foetallossandprematuredeliverymayalsohavegenerateda
highernumberofstillbirthsandprematureliveinfantsduringorshortlyafterthepandemic.
Thisiscorroboratedbyevidencethathigherratesofearlyneonatalmortalityafterfourofthe
fiveinfluenzaepidemicsbetween1948and1971wereduetoanincreaseintheprematurity
rate,probablyasaresultofinfectiontomothersinthefirstorsecondtrimesters.
29However
there has been little other evidence to support the effect of influenza on the premature
termination of pregnancy or stillbirth.
30
Asimilaruncertaintyhangsovertheeffectofmaternalinfluenzaduringpregnancyonthe
riskofbirthdefects.Althoughthereissomeevidenceforexposureduringthefirsttrimester
increasing the occurrence of central nervous system defects (particularly anencephaly),
circulatory malfunctions, cleft palate and reduction deformities,
31 there is also evidence
against such associations. J S McKenzie and M Houghton, in their review of the literature,
conclude that no direct association between influenza infection during pregnancy and
congenital malformations can be substantiated, except for cleft lip and reduction defor-
mities forwhich theeffectissmall.
32Theydonotruleoutanindirectassociation,however.
The ‘‘Spanish ’flu’’ therefore hit pregnant women hard, with the consequent effects of
increasedstillbirthsandpossiblyalsomoreprematurity,whichwouldproducemoreinfants
subject to the high risks of all pre-term or small infants. Maternal influenza may also have
affectedthehealthofinfantsandchildrenbyitsrepercussionsonthequalityofcareamother
was able to give her child. Infants whose mothers die are generally at greater risk of death,
partly through the cessation of breast-feeding. A severe, but non-fatal, illness in the mother
could curtail her ability to breast-feed, thus also increasing the risks for the infant. Figure 1
showsthatalthough the proportionateincreaseinmortalitywasnotashighasinadulthood,
deaths among infants and young children did increase by a factor of between 150 and 300
during the ‘‘Spanish ’flu’’ of 1918–19. Many such young people may have died directly
from influenza itself, but this paper attempts to evaluate the different ways in which a
mother’sillnessordeathmight have affected herchild’schancesofsurvival,andcompares
them with the direct effects of the influenza virus on infants and children.
27Bourne, op. cit., note 20 above, p. 437.
28Harris, op. cit., note 21 above, p. 979. See also
Johnson, op. cit., note 3 above, p. 265, for similar
statistics for Paris and Sydney.
29G Wynne Griffith, A M Adelstein, P M Lambert,
J A C Weatherall, ‘Influenza and infant mortality’,
Br. med. J., 1972, iii: 553–6.
30See J S MacKenzie and M Houghton, ‘Influenza
infections during pregnancy: association with
congenital malformations and with subsequent
neoplasms in children, and potential hazards of live
virus vaccines’, Bacteriol. Rev., 1974, 38: 356–70.
31Victoria P Coffey and W T E Jessop, ‘Maternal
influenza and congenital deformities: a prospective
study’, Lancet, 1959, ii: 935–7.
32MacKenzie and Houghton, op. cit., note 30
above, p. 364.
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Data sources which might enable these issues to be addressed are rare for England and
Wales, but this paper uses a set of notification of births registers drawn up to enable health
visitors to visit infants soon after birth and periodically thereafter until a maximum age of
five years. The ledgers include both live and still births and also record information about
the socio-economic situation of the household (parents’ occupations, the number of rooms
in the house) and demographic information such as multiple birth, parity, and so on. Notes
madeby the health visitorsduringtheir visits relatingto the method offeedingthe child, its
health and development were also transcribed. The records include all 30,488 births occur-
ring in the rural and small town areas of western and southern Derbyshire between January
1917andDecember1922.Thedatasetyieldshighqualityindividuallevellongitudinaldata
which is ideal for the purpose of this paper.
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Influenza in Derbyshire
Although this paper will concentrate on the effects of influenza on the very young, it is
instructive to put this into context by describing the influenza epidemic in Derbyshire
generally.Figure2showstheamalgamatednumbersofdeathsfrominfluenzainthecounty
and municipal boroughs for which numbers were recorded separately,
34 and of those in the
remaining towns and rural areas of Derbyshire.
35 In common with many urban areas,
Derbyshire towns witnessed slightly earlier mortality peaks in each wave of the epidemic
than the rural areas, a characteristic which Niall Johnson has suggested is linked to the
spread of the virus along routes of communication and diffusion out into more sparsely
populated districts. He also suggested that northern regions suffered more than southern.
36
Havingagreatertotalpopulation,numbersofdeathswerehigherinthe‘‘restofDerbyshire’’
than in the towns, but the chance of death was not appreciably different, as indicated by the
deathratesshowninboldinFigure3.ThisFigurealsoshowsweeklydeathratesforLondon,
for cities and large towns in the North Midlands (apart from Derbyshire, which would
normally be classed as part of that region), the West Midlands, and all England and Wales,
andforallotherareasintheNorthMidlands(notincludingDerbyshire),theWestMidlands
andallEnglandandWales,whichallowDerbyshire’sexperienceoftheinfluenzapandemic
to be compared to other places in England and Wales.
37 The diagram shows that influenza
33The birth registers are temporarily housed in the
Cambridge Group for the History of Population and
Social Structure, on loan from the MRC Unit in
Southampton. The data set is described in more detail
elsewhere. See Alice Reid, ‘Infant and child health and
mortalityin Derbyshire from the GreatWar to the mid-
1920s’, PhD thesis, University of Cambridge, 1999;
idem, ‘Neonatal mortality and stillbirths in early
twentieth century Derbyshire, England’, Popul. Stud.,
2001, 55(3): 213–32; idem, ‘Infant feeding and post
neonatal mortality in Derbyshire, England, in the early
twentieth century’, Popul. Stud., 2002, 56(2):151–66.
34ThesewereDerbyCB,ChesterfieldMB,Glossop
MB,andIlkestonMB.Noneofthesetowns,norBuxton
MB, contributed to the data set.
35The data on which this graph was based were
kindly provided by Niall Johnson.
36See Johnson, op. cit., note 3, pp. 320–6.
37The rest of the North Midlands includes
Lincolnshire, Nottinghamshire, Rutland, and
Leicestershire (and it would normally include
Derbyshire,whichishereshownseparately).TheWest
Midlands consists of Gloucestershire, Herefordshire,
Worcestershire, Warwickshire, Shropshire, and
Staffordshire. Cities and large towns include county
boroughs, London boroughs, and metropolitan
boroughs and large urban areas with populations
greater than 20,000. These data are derived from the
data set SN4350 ‘1918–1919 influenza pandemic
mortalityinEnglandandWales’intheUKdataarchive,
35
1918–1919 Influenza Pandemic and Child HealthmortalityinthesecondwavehitLondonearlierthancombinedfiguresfortheMidlandsand
other parts of the country. The epidemic travelled northwards, through the West Midlands,
Derbyshire,andtherestoftheNorthMidlands,climaxingintheurbanareasofeachdistrict
before the less densely populated places, and getting progressively more lethal as it
travelled.
Weekly data as shown in Figures 2 and 3 are of great value in distinguishing different
patterns in an epidemic with relatively short-lived periods of intense activity, and use of
such data is possible where there are large numbers of events. With smaller groups, such as
will be examined below,the fluctuations inweeklydeaths ordeath rates produced by small
numbersmeanthatitiseasiertocomparemonthlydata.Asacomparisonwithwhatfollows,
themonthlyinfluenzamortality rates forthelargeurban areas andthe ‘‘rest ofDerbyshire’’
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Figure2: WeeklynumbersofdeathsfrominfluenzainDerbyshirefromtheweekending29June1918
until the week ending 3 May 1919. (Source: Registrar-General, Supplement to the eighty-first annual
report ofthe Registrar-General, Report on the mortality from influenza in England and Wales during
the epidemic of 1918–19, London, HMSO, 1920. Figures provided by Niall Johnson.)
createdbyNiallJohnson.Theoriginalpublishedsource
was the Registrar-General, op. cit., note 14 above,
pp. 48–80.
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Alice Reidare shown in Figure 4, and demonstrate that the more subtle differences in timing visible
with weekly figures are lost by monthly data.
The health visitor data set used to examine the effect on infants and children relates to a
sub-set of the ‘‘rest of Derbyshire’’,
38 and annual influenza deaths by administrative unit
given in the Registrar-General’s annual reports show that the area covered by the data set
contributed52percentofallinfluenzadeathsoccurringinthewiderareain1918and1919.
The same source demonstrates that 3.67 per cent of influenza deaths in Derbyshire were of
2
9
/
0
6
/
1
8
1
3
/
0
7
/
1
8
2
7
/
0
7
/
1
8
1
0
/
0
8
/
1
8
2
4
/
0
8
/
1
8
0
7
/
0
9
/
1
8
2
1
/
0
9
/
1
8
0
5
/
1
0
/
1
8
1
9
/
1
0
/
1
8
0
2
/
1
1
/
1
8
1
6
/
1
1
/
1
8
3
0
/
1
1
/
1
8
1
4
/
1
2
/
1
8
2
8
/
1
2
/
1
8
1
1
/
0
1
/
1
9
2
5
/
0
1
/
1
9
0
8
/
0
2
/
1
9
2
2
/
0
2
/
1
9
0
8
/
0
3
/
1
9
2
2
/
0
3
/
1
9
0
5
/
0
4
/
1
9
1
9
/
0
4
/
1
9
0
3
/
0
5
/
1
9
week ending
0
10
20
30
40
d
e
a
t
h
 
r
a
t
e
s
 
p
e
r
 
1
,
0
0
0
 
p
o
p
u
l
a
t
i
o
n
Rest of Derbyshire
Large towns (Derby, Chesterfield, Glossop, Ilkeston)
London
England and Wales: towns
England and Wales: rest
North Midlands: towns
North Midlands: rest
West Midlands: towns
West Midlands: rest
Figure 3: Weekly death rates from influenza in Derbyshire and other areas from the week ending 29
June1918untiltheweekending3May1919.(Source:ThesedataarederivedfromthedatasetSN4350
‘1918–1919 influenza pandemic mortality in England and Wales’ in the UK data archive, created by
NiallJohnson.TheoriginalpublishedsourcewastheRegistrarGeneral,Supplementtotheeighty-first
annualreportoftheRegistrar-General, Report onthemortality frominfluenza inEnglandandWales
during the epidemic of 1918–19, London, HMSO, 1920, pp. 48–80.)
38The data set excludes the County Borough of
Derby, the Municipal Boroughs of Ilkeston,
Glossop, Buxton, and Chesterfield, and the rural and
small town area around Chesterfield, as these were
administered separately.
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1918–1919 Influenza Pandemic and Child Healthinfantsunder theageofone,andonthe basisofthis,andasmalladjustmentforthefactthat
the areas covered by the data set had lower mortality than the rest of Derbyshire, we could
expect32infantdeathsattributedtoinfluenzainthedataset,assetoutinTable1.Infactthe
data set records 23 deaths, fewer than expected because some infants had already ceased to
bevisitedbythetimetheywereoneyearold,anddeathsofinfantsnolongervisitedwerenot
recordedinthedataset.Similarly,asalsoshowninTable1,thepublishedfigurescouldlead
ustoexpect 37influenzadeathsbetweentheages ofoneandtwo.Infactwe seeonlysixas,
again, some deaths would have been of children who were no longer being seen by health
visitors and some deaths of one-year-olds in 1918 would have been of children born in late
1916andnotyetturnedtwo.Wecannotexamineinfluenzadeathsatolderagesofchildhood
asnoneofthechildrencoveredbythedatasetweremorethantwoyearsoldduringtheworst
partoftheepidemic.However,wemayobservesomematernalmortality:onthebasisofthe
published county figures, there were probably around 158 deaths of women aged between
25 and 45, the prime childbearing period, in the area covered by the data set. Only a small
percentage of these were likely to have been mothers of children under the age of two,
however.AsshowninTable1,onthebasisofnationalfertilityrates,between15and20per
cent of women aged 25 to 45 had children under the age of two, therefore we might expect
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Figure 4: Monthly death rates from influenza in Derbyshire during the 1918–19 epidemic. (Source:
Registrar-General,Supplementtotheeighty-firstannualreportoftheRegistrar-General,Reportonthe
mortalityfrominfluenzainEnglandandWalesduringtheepidemicof1918–19,London,HMSO,1920.
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Alice ReidTable 1
Influenza deaths in Derbyshire 1918–19: calculation of deaths expected in the health
visitor data set
Infants Age 1 to 2
Women
age 25–45
A Influenza deaths in Derbyshire (incl. Derby) 2993 110 127 545
B Influenza deaths to age group as a proportion
of all influenza deaths in the county
(calculated from A)
0.036 0.042 0.182
C Number of influenza deaths in the
area covered by the health visitor data set
1036
D Estimated numbers of influenza
deaths in the area covered by the
data set on the basis of the proportions in B
38 44 189
E Adjustment for lower mortality in
the area covered by the data set (*0.839)
32 37 158
F Estimated births per year to women aged
25–49
8494
G Estimated proportion of women aged 25–45
with a child less than two years old, assuming
each woman had only one child in the
time period.
0.201
H Estimated proportion of women aged
25–45 with a child less than two
years old, assuming half of those women
had two children in the two years.
0.150
I Estimated deaths of women in the data set
(i.e. mothers of children under the age
of two), based on G
32
J Estimated deaths of women in the data
set (i.e. mothers of children under the
age of two), based on H
24
Sources:
A, C: Eighty-first annual report of the Registrar-General of births, deaths, and marriages in
England and Wales (1918), Cmd. 608 1920, pp. 245, 282 and 346–8. Eighty-second annual report
of the Registrar-General of births, deaths, and marriages in England and Wales (1919), Cmd. 1017
1920, pp. 315, 352 and 416–18.
E: based on ratio of the infant mortality rate in the area covered by the data set (70.59) to that in
all Derbyshire (84.13), calculated from Registrar-General’s annual reports. See Alice Reid,
‘Neonatal mortality and stillbirths in early twentieth century Derbyshire, England’, Popul. Stud.,
2001, 55 (3): 213–32, p. 215, Table 1.
F: calculated from age-specific marital fertility rates for England and Wales for 1922 (Robert
Woods,ThedemographyofVictorianEnglandandWales,CambridgeUniversityPress,2000,p.130),
and the numbers of married women in Derbyshire in each 5-year age group in 1921, as given in the
Census of England and Wales 1921: County of Derby, 1923, London, HMSO, Table 14, p. 39.
G: based on two years of births to women in the age group, divided by the number of all women
in the age group.
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1918–1919 Influenza Pandemic and Child Healthbetween 24 and 32 deaths of mothers in our data set. In fact we see 16 deaths of mothers
during the epidemic year directly attributed to the ’flu, and a further 30 with insufficient
causal information, but in which ’flu might have been implicated.
It is clear that the data set records fewer deaths from influenza than actually occurred in
the area covered, and it can be shown that a similar error appears with mortality from any
cause. The shortfall is due to the fact that health visitors stopped visiting some infants, and
the deaths of these infants are not recorded. Fortunately this can be taken account of using
life table techniques and hazard modelling,
39 which calculate a series of rates using those
known to be in observation at each unit of time, and which produce overall infant mortality
rates and early childhood (1–5 years) mortality rates not significantly different to those
calculated from vital registration. The infant mortality from the data set is 68.70 infant
deaths per thousand births, and that calculated from vital registration is 70.59; the corre-
spondingfiguresfortheearlychildhoodmortalityrateare29.0and29.7deathsperthousand
childrenintheagegroup.
40Thereisnoreasontosupposethatinfluenzadeathswereanyless
accurately recorded than other infant deaths. In fact, given the difficulty of accurately
ascribingcausestomanyinfantdeaths,
41thosefrominfluenzamighthavebeenmoreeasily
recognized, and thus more correctly recorded than others, consequently the data set can be
relied upon to produce a reasonably exact reflection of the risks of dying from influenza
mortality during the epidemic.
The Effects of the Influenza Epidemic on Infant and Child Mortality
Figure5showsindexedmonthlypost-neonatalmortalityratesfortheinfluenzaepidemic
in comparison with the other years in the data set. The x-axis shows the year running from
July1918toJune1919,tocapturetheentireepidemicyear.Thegraphshowsthatthesecond
wave, peaking in Derbyshire in November 1918, raised post-neonatal mortality well above
itsnormalseasonalwinterpeak.Figure6showsthatmortalityforthesecondyearoflifewas
strongly affected in the first and third waves as well as the second, the third wave peaking
slightly earlier than for all age groups. In contrast neonatal mortality and the stillbirth rate
(Figures 7 and 8) show different patterns. Neonatal mortality appears to have peaked in the
third wave: mortality rates were highest in February but also high in April and June. This
three-pronged pattern might suggest a lagged effect of the three waves (although the lag is
not the same in each case), which would be consistent with the hypothesis that influenza in
the first or second trimester of pregnancy increased prematurity rates and consequently
neonatal mortality.
42 The effect on stillbirths appears to have been concentrated in the
second wave with its prolonged high rates. As with neonatal mortality, however, the
September peak could represent the delayed first wave, but with a shorter lag, and
the question then arises of why the second wave appears to have had an immediate effect.
39Formoreinformationonlifetabletechniquesand
hazard modelling, see David W Hosmer and Stanley
Lemenshow, Applied survival analysis: regression
modeling of time to event data, New York and
Chichester, John Wiley, 1999.
40Reid, ‘Infant and child health’, op. cit., note 33
above, p. 215. For the 1–5 figure, a life table measure
was generated by the data set and subsequently
transformed into an age-specific death rate.
41Naomi Williams, ‘The reporting and
classification of causes of death in mid-nineteenth-
century England: the example of Sheffield’, Hist.
Methods, 1996, 29(2): 58–71.
42Wynne Griffith, op. cit., note 29 above.
40
Alice ReidFigures 7 and 8 are drawn to the same scale as Figures 5 and 6, revealing that although in
some months the risks of neonatal mortality and stillbirth were aroundtwice as high for the
samemonthsinotheryears,theincreasesintherisksofdeathbeforeonemonthofagewere
not as great as those for post-neonatal and early child mortality.
Period death rates identify the time periods at which more deaths occurred, but the
comparison of different influences on health and survival needs the identification of chil-
drenatriskofdyingduringtheepidemic.Inotherwords,itisnecessarytoisolateacohortof
those whowere born in a given time and were thereforein a particular age group during the
epidemic.Childrenathighestriskofstillbirthcanbeidentifiedsimplybytheirdatesofbirth:
those born between September 1918 and January 1919 were at highest risk and period and
cohortratesareidentical.Itisalsoeasytoidentify thoseatriskofneonatalmortalityduring
theepidemicbydateofbirth,becauseastheneonatalperiodisrelativelyshort,mostinfants
spent all of it or none of it during the epidemic. Also, because the period of risk is just one
month following the birth, the cohort death rates for neonatal mortality in Figure 9 show a
similar pattern to Figure 7 (although different enough to detect a clearer three month lag
from the first and second waves of the epidemic to peaks in October and February). Those
born between January and April 1919 are identified as those at greatest risk of neonatal
mortality during the epidemic.
Itismoredifficulttoidentifythoseatriskofpost-neonatalmortalitybecauseinfantsareat
risk for a much longer time. For example, children born in early 1918 would have been in
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Figure 5: Indexed post-neonatal period monthly death rates in Derbyshire, late 1918 and early 1919
(monthly averages for other years 1917–22¼100). (Source: Derbyshire health visitor data.)
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1918–1919 Influenza Pandemic and Child Healthperil from this form of death towards the end of their first year, at the beginning of the
epidemic. Children born at the end of 1918 would have been at risk only during their early
post-neonatal period, and at the end of the epidemic. Children born in the spring and early
summerof1918wouldhavebeenexposedtotheentireepidemicduringtheirpost-neonatal
period.Figure10showsmonthlypost-neonatalmortalityrates,distinguishingthosebornin
each month of 1918 from those born in the corresponding month of other years, and
demonstrates that, unsurprisingly, all infants born in 1918 were at elevated risk from
the epidemic, as they all spent at least part of their post-neonatal lives exposed to the
influenza virus. Those born during the summer of 1918 (particularly between July and
September) had a much higher risk of dying. Such infants were in their early post-neonatal
period at the peak of the second, most virulent wave, and were still in this age group during
thethirdwave.Those borninFebruary1918,spending thefirsttwo waves inthisagegroup
had the greatest excess risk, and it is unclear why those infants born in March and April
1918, who were exposed to all three waves, did not suffer as much. The problem of
identification is more acute for early child mortality and has not been attempted.
Once the cohorts at most risk have been identified, it is possible to quantify and compare
the result of exposure to the epidemic of a child born at a particular date with other
influences such as multiple birth, legitimacy, parental occupation, number of rooms in
the house, urban/rural residence and so on. Such a comparison can be made by using
July
August
September
October
November
December
January
February
March
April
May
June
0
100
200
300
p
e
r
c
e
n
t
a
g
e
 
i
n
c
r
e
a
s
e
 
o
v
e
r
 
m
o
n
t
h
l
y
 
m
o
r
t
a
l
i
t
y
 
a
g
e
 
1
-
2
p
e
a
k
 
o
f
 
1
s
t
 
w
a
v
e
 
f
o
r
 
m
o
r
t
a
l
i
t
y
 
a
t
 
a
l
l
 
a
g
e
s
p
e
a
k
 
o
f
 
2
n
d
 
w
a
v
e
 
f
o
r
 
m
o
r
t
a
l
i
t
y
 
a
t
 
a
l
l
 
a
g
e
s
p
e
a
k
 
o
f
 
3
r
d
 
w
a
v
e
 
f
o
r
 
m
o
r
t
a
l
i
t
y
 
a
t
 
a
l
l
 
a
g
e
s
Figure6: IndexedearlychildhoodperiodmonthlydeathratesinDerbyshire,late1918andearly1919
(monthly averages for other years 1917–22¼100). (Source: Derbyshire health visitor data.)
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Alice Reidmultivariatehazardanalysis(forpost-neonatalandneonatalmortality)andlogisticanalysis
(fortheriskofstillbirth)andthefollowinganalysesshowtherisksofbabiesbeingstillborn,
of dying in the neonatal period, and of dying in the post-neonatal period associated with
birth during the influenza epidemic, while controlling for the effect of other influences on
theriskofmortality.
43Inthetableseachoddsratioisderivedfromadifferentanalysis,either
examining risk of different forms of death (i.e. stillbirth, neonatal mortality, or post-
neonatal mortality), or assessing the risks associated with being born at a different time
period. The odds ratios show the multiplicative increase in the risk of death for infants
born during particular time periods and thus at risk during the influenza epidemic. Thus
Table2showsthatinfantsbornatanytimeinthesecondorthirdwavesoftheepidemic(July
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Figure 7: Indexed neonatal period monthly death rates in Derbyshire, late 1918 and early 1919
(monthly averages for other years 1917–22¼100). (Source: Derbyshire health visitor data.)
43Independent variables significantly increasing
theriskofstillbirthweremultiplebirth,malesex,parity
onethenincreasinglinearlywithparityafterparitytwo,
havingadoctorpresentatthebirth(asopposedtojusta
midwife), father being manual social class, mother
having been employed during pregnancy, and being
born in winter months (October to April). Those
significantly increasing the risk of neonatal mortality
were multiple birth, male sex, parities four and above,
having a doctor present at birth, being born in winter
months,livinginamoredenselypopulateddistrict,and
living in a district where over half the population had a
privymiddenasopposedto moresanitarytoiletfacility
(see Reid, ‘Neonatal mortality’, op. cit., note 33 above,
pp. 216–21). Independent variables significantly
increasing the risk of post-neonatal mortality were
multiple birth, male sex, illegitimacy, higher parities,
having been artificially fed by the end of the first
month, living in a mining district, having fewer than
four rooms in the house, and living at higher
altitude (see Reid, ‘Infant feeding’, op. cit., note 33
above, pp. 155–7).
43
1918–1919 Influenza Pandemic and Child Health1918 to April 1919) were 1.247 times (or 25 per cent) more likely to be stillborn than
infants born at another time in the 1917 to 1922 period. Those born in the second wave
(September 1918 to January 1919) were 1.535 times (or over 50 per cent) more likely to be
stillborn. Similarly, while those born in the second or third waves were 1.326 times (or 33
percent)morelikelytodieintheneonatalperiod,thoseborninearly1919andatriskinthe
third wave were at highest risk, being 1.776 times (or over 75 per cent) more likely to die
before reaching one month of age. Those born during 1918 were 50 per cent more likely to
die between the ages of one month and one year, but the risks of post-neonatal mortality
were highest for those born between July and September 1918, who were young during
the second wave, still at risk during the third wave, and who were nearly twice as likely to
have died.
In order to help identify the ways in which infants were at risk, be it from death from
influenza itself, from some complication such as pneumonia, or via maternal health, the
analyses were performed separately for different cause of death categories.
44 Causes of
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Figure 8: Indexed period stillbirth rates in Derbyshire, late 1918 and early 1919 (monthly averages
for other years 1917–22¼100). (Source: Derbyshire health visitor data.)
44Thus the risk of dying from a particular
group of causes, such as congenital malformation,
is assessed against the risk of not dying
from that group of causes. In such analyses,
infants dying from causes other than that being
examined are treated as censored (i.e. gone
out of observation) on their
death.
44
Alice Reiddeath in infancy were notoriously poorly recorded in the early twentieth century, with
inaccurate, inconsistent diagnoses and a large proportion relegated to the unknown cate-
gory.
45 However, broad causal groupings can minimize these problems while still being
instructive.Theproblemsofcauseofstillbirthreportingarepotentiallyevengreater,assuch
births did not have to be registered and medically certified.
46 However, a reasonably high
proportionof stillbirthsinthe data set have acause attributed,and although some are rather
speculative, many others identify recognized conditions or circumstances such as prema-
turity, complications of labour, congenital malformations or implicate the ill-health of
the mother.
The ways in which influenza caused stillbirths will be considered first. Obviously
foetuses in the womb were not at risk of catching influenza in the same way that infants
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Figure 9: Indexed cohort neonatal mortality rates in Derbyshire, late 1918 and early 1919 (monthly
averages for other years 1917–22¼100). (Source: Derbyshire health visitor data.)
45Williams, op. cit., note 41 above, p. 68.
46Stillbirth registration was introduced in 1927 in
England and Wales, and although from 1915 stillbirths
were supposed to be notified under the Notification of
Births (Extension) Act, it has been estimated that
aroundafifthtoaquarterofstillbirthswerenotnotified.
It appears that the health visitor data set conforms
to this pattern. See Registrar-General, The
Registrar-General’s statistical review 1927, London,
HMSO, 1929, text p. 128; E A Wrigley, ‘Explaining
the rise in marital fertility in England in the
‘‘long’’ eighteenth century’, Econ. Hist. Rev., 1998,
51: 435–64, pp. 441–2; Graham Mooney,
‘Stillbirths and the measurement of urban infant
mortality rates’, Local Popul. Stud., 1994, 53:
42–52.
45
1918–1919 Influenza Pandemic and Child Healthalready bornwere. Theonlyway anunborn childcould havebeen affectedbythe influenza
viruswasifitsmotherwereafflicted.
47Whilecomparativelyfewmotherswererecordedas
having suffered from influenza, unspecified ill-health was frequently mentioned as a cause
of stillbirth, in addition to accident or shock prior to deliveryand overexertion. It is reason-
able to assume that during the epidemic year a large proportion of unspecified maternal ill-
health would have been influenza. Figure 11, showing the proportions of all births
associated with maternal ill-health for each quarter of the years 1917 to 1922, suggests
thatahigherproportionofstillbirthsandinfantdeathswereattributedtomaternalill-health
during the epidemic year than in the following years (the first quarter of 1917 is unusually
high, and other high rates in 1917 and 1918 could be due to a build up in the influenza
epidemicassuggestedbyJohnson
48).Howevertheeffectwasnotdramaticandmaternalill-
health may just have been a convenient scapegoat for an otherwise inexplicable stillbirth at
any time, an effect exacerbated during the epidemic. Table 3, showing the odds ratios for
stillbirths associated with periods of particular risk and different causal groups, while
47There is only one documented case of
transplacental transmission of the disease although
the passage of other viruses is well accepted.
David H Yawn, Joella C Pyeatte, Stephan L Eichler,
Rafael Garcia-Bunuel, ‘Transplacental transfer of
influenza virus’, J. Am. med. Assoc., 1971, 216:
1022–23.
48Johnson, op. cit., note 3 above, pp. 113–22.
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Figure 10: Indexed cohort post-neonatal mortality rates in Derbyshire, late 1918 and early 1919
(monthly averages for other years 1917–22¼100). (Source: Derbyshire health visitor data.)
46
Alice Reidcontrollingforotherfactors,confirmstheoverridingimportanceofthehealthofthemother.
Infants born during the third wave of the epidemic were 1.928 times (i.e. nearly twice) as
likely to be stillborn due to maternal ill-health than infants born at other times.
Given that influenza may have provoked early labour or interruption of pregnancy, it is
alsonotsurprisingthattheriskofstillbirthduetocomplicationsofpregnancy(mainlyante-
partum haemorrhage, eclampsia and placenta praevia) rose during the epidemic, although
the poorfit ofthismodelwarns against placing toomuchrelianceon thesefigures. Therisk
of stillbirth due to complications of labour, however, did not rise for births during the
epidemic, reflecting the more mechanical nature of such problems, which were dominated
bycontractedpelvis,prolapse ofcord,malpresentation,andaprolongedlabour.Theriskof
malformationwithmaternalrubelladuringpregnancyiswellknown,andtherearealsorisks
of abnormalities with non-specific viral illnesses,
49 and some for influenza itself.
50 The
increasedoddsratioforstillbirthsduetocongenitalmalformations,althoughnotsignificant,
isthereforeunsurprising.Thelackofsignificancemaybeattributabletotheirsmallnumbers
or possibly to the fact that mild abnormalities now classed under newborn encephalopathy
49Nadia Badawi, Jennifer J Kurinczuk, John M
Keogh, Louisa M Alessandri, Fiona O’Sullivan,
Paul R Burton, Patrick J Pemberton and Fiona
J Stanley, ‘Antepartum risk factors for newborn
encephalopoathy: the western Australian
case-control study’, Br. med. J., 1998, 317:
1549–53.
50SeeCoffeyandJessop,op.cit.,note31above,pp.
935–7, and MacKenzie and Houghton, op. cit., note 30
above, pp. 356–64.
Table 2
Increasesinmortalityconnectedwithbeingbornintimeperiodswhichputinfantsatriskduring
the 1918–19 influenza epidemic in Derbyshire: stillbirths, neonatal mortality and
post-neonatal mortality examined separately
Period of birth Odds ratio
a
Stillbirth July 1918–April 1919 1.247*
Sept. 1918–Jan. 1919 1.535***
Neonatal mortality July 1918–April 1919 1.326**
Jan. 1919–April 1919 1.776***
Post neonatal mortality 1918 1.500***
Feb. 1918 1.668*
July 1918–Sept. 1918 1.935***
aOdds ratios give the multiplicative increase in mortality associated with period of birth,
compared to a value of 1.000 for all other months in the period 1917–22. Each odds ratio is derived
from a separate multivariate analysis (logistic analyses in the case of stillbirths, and hazards
analyses for neonatal and post-neonatal mortality), in which other variables are also controlled (see
text for details).
***Significant at 1% level.
**Significant at 5% level.
*Significant at 10% level.
Source: Derbyshire health visitor data.
47
1918–1919 Influenza Pandemic and Child Health(seizures, abnormal consciousness, difficult respiration or feeding, abnormal tone or
reflexes) may not have been well enough defined to be classed as congenital defects
and, if there was an alternative putative reason such as the mother’s health, stillbirths
might have been attributed to another causal group.
Table3confirmsthattheadditionalrisksofstillbirthduringtheinfluenzaepidemicwere
concentrated under causes specific to the mother’s health and pregnancy. Given that the
route by which influenza affected the health of unborn infants was via the mother’s health,
and that neonatal mortality is strongly dependent on the condition of the newborn infant, it
also seems plausible that the health of neonates would have been affected by maternal
health.Thisopensthepossibilitythatinterruptionofawoman’spregnancyduetoinfluenza
may have resulted not in a stillbirth but in a live premature or abnormal birth, perhaps after
exposure earlier in pregnancy.
51 There may therefore have been a larger pool than usual of
particularlyvulnerableinfantsatriskofneonataldeath.Althoughsuchinfantsmaynothave
succumbed to influenza, the epidemic can be held to have contributed to their death by
making them vulnerable to other causes. Table 4 explores this possibility by showing the
odds ratios associated with birth at the key periods of the epidemic for the risk of neonatal
mortality from different causal groups.
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Figure 11: The proportion of all births in Derbyshire associated with maternal ill-health, by quarter,
1917–22. (Source: Derbyshire health visitor data.)
51See Wynne Griffith, et al. op. cit., note29 above.
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Alice ReidThe most striking results in the table are those which indicate the direct and associated
deaths from the epidemic. The two and a half fold risk of neonatal death from the residual
group(in which influenza deathswereplaced) associated with birthinthe thirdwave ofthe
epidemic suggests that very new babies may have succumbed directly to the disease itself.
Inspection of the records suggests that in a large number of these cases the mother was also
afflicted.Therewas analmostidenticalriskofdying frompneumonia,anassociated cause.
Even though influenza was not implicated in these deaths, it is very likely that the under-
lyingcausewasindeedthe’fluandthatpoorcertificationandrecordingwereresponsiblefor
underestimation of the effect of influenza.
InadditionTable4showsthatinfantsborninthethirdwave(JanuarytoApril1919)were
76 per cent more likely to have died from prematurity, wasting and congenital malforma-
tionsthaninfantsbornatothertimes.Thiscouldbetakenassupportforthepropositionthat
the epidemic created a larger proportion of premature births. However, the fact that viruses
such as influenza are also likely to have been connected with malformations suggests
another route.
Table5separatestheprematurity,wastingandcongenitalmalformationsgroupintothree
and presents the odds ratios for birth during the epidemic for the risk of death from each
subcategory. This table suggests that those born during the influenza pandemic ran no
additional risk of early death from congenital malformation, and although there was an
additional risk of dying from prematurity it was not significant. For those born between
JanuaryandApril1919,however,theriskofdyingintheneonatalperiodduetowastingwas
Table 3
Increases in stillbirth rates connected with being born in time periods which put infants at
risk during the 1918–19 influenza epidemic in Derbyshire: different causes of
stillbirth examined separately
Odds ratios associated with periods of birth
a
July 1918–April 1919 Sept. 1918–Jan. 1919
All causes 1.247* 1.535***
Health of the mother 1.782*** 1.928***
Complications of pregnancy
b 2.165* 2.586**
Complications of labour 0.822 1.042
Congenital malformations 1.092 1.406
Other causes 0.997 1.397
aOdds ratios give the multiplicative increase in mortality associated with period of birth,
compared to a value of 1.000 for all other months in the period 1917–1922. Each odds ratio is
derived from a separate multivariate logistic analysis, in which other variables are also controlled
(see text for details).
bThe fit of this model was questionable.
***Significant at 1% level.
**Significant at 5% level.
*Significant at 10% level.
Source: Derbyshire health visitor data.
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1918–1919 Influenza Pandemic and Child Healthnearlythreetimeshigherthannormal.Thismightsuggestthatinfantswhocaughtinfluenza
very young died from subsequent weakness, but it is also compatible with infants disad-
vantaged as a result their mothers having contracted influenza. The poor recording of the
causes of infant deaths has already beenmentioned, and the younger the infant atdeath, the
Table 4
Increases in neonatal mortality connected with being born in time periods which put infants at
risk during the 1918–19 influenza epidemic in Derbyshire: different causes of death
examined separately
Odds ratios associated with periods of birth
a
July 1918–Jan. 1919 Jan.–April 1919
All causes 1.326** 1.776***
Prematurity, wasting, congenital malformation 1.256 1.762***
Bronchitis and pneumonia 1.624 2.444*
Complications of labour 1.110 0.000
Convulsions 1.103 0.799
Other causes (including influenza) 1.637* 2.417***
aOdds ratios give the multiplicative increase in mortality associated with period of birth,
compared to a value of 1.000 for all other months in the period 1917–1922. Each odds ratio is
derived from a separate multivariate hazards analysis, in which other variables are also controlled
(see text for details).
***Significant at 1% level.
**Significant at 5% level.
*Significant at 10% level.
Source: Derbyshire health visitor data.
Table 5
Increases in neonatal mortality connected with being born in time periods which put infants at
risk during the 1918–19 influenza epidemic in Derbyshire: sub-categories of the prematurity,
wasting and congenital malformations cause of death examined separately
Odds ratios associated with periods of birth
a
July 1918–Jan. 1919 Jan.–April 1919
Prematurity 1.048 1.419
Congenital malformations 0.540 0.767
Wasting 2.066*** 2.902***
aOdds ratios give the multiplicative increase in mortality associated with period of birth,
compared to a value of 1.000 for all other months in the period 1917–22. Each odds ratio is derived
from a separate multivariate hazards analysis, in which other variables are also controlled (see text
for details).
***Significant at 1% level.
**Significant at 5% level.
*Significant at 10% level.
Source: Derbyshire health visitor data.
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Alice Reidworse the problem. Prematurity was not well defined and, in the absence of the accurate
estimation of gestational age, is difficult to assess. Although it was often stated in con-
nection with stillbirths, it may not have been routinely noted for live births in the health
visitors’ ledgers. Infants who were born premature but who did not die immediately are
likely to have had their death recorded under some other heading, even though prematurity
may have contributed towards their death. The wasting category includes many causes
that would be perfectly compatible with premature infants: ‘‘marasmus’’, ‘‘innutrition’’,
‘‘malnutrition’’, ‘‘macerated’’, ‘‘wasting’’, ‘‘weakly’’, ‘‘delicate’’, ‘‘feeble’’, ‘‘debility’’,
‘‘inanition’’, ‘‘exhaustion’’. The lack of distinction between the causal groups, and parti-
cularly the problem with identifying premature infants, is one of the reasons for grouping
into the broader category, and also suggests that it might not be legitimate to rule out a
larger pool of premature weakly children as a cause of higher neonatal death during the
epidemic.
Prematurity and conditions within the womb are less likely to have affected post-
neonatal mortality, as the most vulnerable infants might already have died during the
neonatal period. Table 6 shows that indeed the excess risks for those born in 1918, and
particularly for those born in February and exposed during the first and second waves,
were concentrated in the risk of death from the infectious disease group, which includes
influenza. The risk of dying from these causes was two and a half times greater for
children born in 1918 than at any other time, and nearly six times greater for those born
in February. It is interesting that although there was a 33 per cent higher chance of
dying from bronchitis and pneumonia for those born during the epidemic, this was not
Table 6
Increasesinpostneonatalmortalityconnectedwithbeingbornintimeperiodswhichputinfants
at risk during the 1918–19 influenza epidemic in Derbyshire: different causes of death
examined separately
Odds ratios associated with periods of birth
a
Born in 1918 Born in Feb. 1918 Born July–Sept. 1918
All causes 1.500*** 1.668* 1.935***
Infectious disease (incl. influenza) 2.549*** 5.815*** 2.576***
Wasting diseases 1.946*** 2.269 4.647***
Bronchitis and pneumonia 1.331 0.992 0.851
Diarrhoeal diseases 0.824 0.000 1.468
Convulsions 1.509 1.253 2.656**
Other causes 0.995 0.772 1.192
aOdds ratios give the multiplicative increase in mortality associated with period of birth,
compared to a value of 1.000 for all other months in the period 1917–1922. Each odds ratio is
derived from a separate multivariate hazards analysis, in which other variables are also controlled
(see text for details).
***Significant at 1% level.
**Significant at 5% level.
*Significant at 10% level.
Source: Derbyshire health visitor data.
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1918–1919 Influenza Pandemic and Child Healthsignificant, perhaps because of small numbers, or perhaps because influenza was men-
tioned more often for older infants in the health visitors’ ledgers.
52 For infants exposed
during the epidemic, the risk of dying from wasting diseases remained much higher in
the post-neonatal period, nearly twice as high for those at risk during any part of the
epidemic, and nearly five times as high for those born between July and September.
There is a possibility that this can be accounted for by some weakly children who
survived into the early post-neonatal period, but this is unlikely as, when the second
month of life is excluded, the odds ratio increases to 2.191 (4.362** for those born in
February and 5.140*** for those born in the summer), suggesting that older infants were
more likely to die of wasting. These infants could have been weakened by the epidemic
and succumbed to other causes of death later. A further possibility is that infants whose
mothers had influenza were put at risk by their mother’s ill health: not directly as
stillbirths and possibly neonates were, but indirectly through a very sick mother’s
inability to feed and care for her children. Infants whose mothers have died are always
at higher risk, at least partly because of the lack of breast milk, and it is plausible that
mothers who were afflicted with influenza were forced to wean their infants earlier than
they might otherwise have done, or that their milk supply was not as plentiful or
nutritious as it would normally have been. Infants born in the summer of 1918 and
still below the normal weaning age of six to nine months at the height of the second
wave would have been particularly vulnerable, and therefore at increased risk of
mortality from wasting diseases.
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Figure 12: Percentage of infants in observation at each age who were still receiving breast milk:
comparing those born in Derbyshire in the summers of 1917 and 1918. (Source: Derbyshire health
visitor data.)
52Where more than one cause of death (such as
‘‘pneumonia following influenza’’) was recorded in
theledgers,theantecedentcause(inthiscaseinfluenza)
was recorded as the primary cause.
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Alice ReidFigure 12 shows the percentages of infants in observation at each month whose feeding
method was known, who were still being breast fed.
53 The broken lines show those born
between June and August 1917 and demonstrate that when they were six months old, and
before the second wave of the influenza epidemic struck, over 70 per cent of children were
still receiving some breast milk. The solid lines show those born in the same months a year
later, who were still young and therefore most at risk of early weaning during the influenza
epidemic. At six months old not much more than 60 per cent of these infants were being
breastfed. There are many other influences on the duration of breast-feeding which this
graph does not take into account, so although it is not conclusive, it does suggest that ill-
health among mothers may have forced them to wean their infants earlier during the
epidemic. The fact that nearly half the monetary value of emergency help given to ’flu
victims in Manchester between 4 December 1918 and 11 January 1919 was in the form of
the dried baby milk, Glaxo, lends added weight to this suggestion.
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Conclusions
Oneofthepeculiaritiesofthe1918–19influenzapandemicwastheunusualagepatternof
incidence and mortality, hitting the usually healthy young adults in the 20 to 40 age group
mostseverely,inwhateverpartoftheglobeitstruck.Themassiverelativerisesinmortality
in young adults and the greater potential economic impact have led to these age groups
receiving the lion’s share of attention in the literature. Infants and young children are
traditionally a more vulnerable group, both to influenza and other forms of infectious
disease, and their relative mortality was also increased dramatically, but discussion of
the young is mostly relegated to mentions of school closures, or in the context of illness
ordeathtowholefamilies.Tosomeextentthislackofattentioncanbeaccountedforbythe
lack of evidence on age-specific rates and information about the very young. The supreme
dependenceoftheveryyoungontheirparents,particularlytheirmothers,however,suggests
that high adult illness and mortality is likely to have an impact on infants and children, and
this makes discussion of the effects on infants and children all the more interesting. While
adults could be affected either directly or indirectly (via a secondary infection, a complica-
tion, or as a contributory cause), the wellbeing of infants could also be determined by their
mother’shealth.Thispaperhasprovidedsupportforthehypothesisthatinfluenzainfection
inthefirstorsecondtrimestersofpregnancycanprovokeprematuredelivery,andtherefore
stillbirthsorvulnerabilitytoearlydeath.Olderinfantsmaybedisadvantagedbytheirailing
mother’sinabilitytoprovideadequatecareandnutrition,suchasthroughbreast-feeding.Of
course, infants out of the womb were also at risk of catching the disease, and there was a
higherriskofdeathfromthedirecteffectsofthe’fluitselfthanfromtheindirecteffectsofa
mother’s health, but it is very likely that the latter raised the death rate more than it would
otherwise have been. In a sense, therefore, increased adult mortality contributed to
increased infant mortality. If part of the increase among infants was due to the indirect
53This includes infants who were receiving both
breast andartificial food.Asimilargraph canbedrawn
for those receiving only breast milk which shows the
same effect.
54Charles Graves, Invasion by virus: can it
happen again? London, Icon Books, 1969.
Other help was in the form of coal, milk and food
expenses.
53
1918–1919 Influenza Pandemic and Child Healtheffects of their mothers’ illness or death, the direct effects on infants of contracting the
disease themselves must be less than the overall rise in infant mortality. The relative rise in
adult death rates during the epidemic is known to have been much greater than for infants,
andthedifferencebetweenadultsandchildrenisevengreaterifonlytheeffectsofsuffering
fromthediseaseareconsidered.Thevirusitselfthereforehadanevengreaterproportionate
effect on young adults than is revealed by the examination of overall death rates. Anthony
Burgess, while undoubtedly unlucky to have lost his mother, was lucky to have escaped
frombothdeathfromtheinfluenzavirusandtheaddedhealthandsurvivaldisadvantagesof
havinglosthismother.Ashehimselfsaid:‘‘Ishouldnothavebeenchuckling;Ishouldhave
beenhowlingforfood;perhapsthevisitingneighbourwhohadherselfjustbeenstrickenhad
provided me with a bottle of Glaxo’’.
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55Burgess, op. cit., note 1 above, p. 18.
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